Background: Real-world data on the effects of a multicomponent pulmonary rehabilitation (PR) for patients with sarcoidosis are scarce. Objective: To describe characteristics of patients with sarcoidosis referred for a 3-week inpatient PR, to assess the effects of PR on their quality of life (QoL) and clinical outcomes, and to investigate whether there are specific subgroups who particularly benefit from PR. Methods: Using a prospective multicentre study design, data regarding 6-min walking distance (6MWD), QoL (Saint George's Respiratory Questionnaire, SGRQ), and the secondary outcomes of dyspnoea and psychological burden (fatigue, anxiety, and depression) were collected. Results: We included 296 patients in the study (average age 49.1 ± 9.7 years, 47% female, average vital capacity 3.5 ± 1.0 L [87.0 ± 20.6 predicted]). The 6MWD improved by the end of the rehabilitation by 39.8 m on average (p < 0.0001; standardised response mean, SRM = 0.61), SGRQ showed significant improvements in all 3 domains, and the total score (p < 0.001) improved by 5.69-8.28 points (SRM 0.46-0.62). For the secondary outcomes, significant improvement (p < 0.001) was seen for all measured parameters, e.g., dyspnoea (modified Medical Research Council Scale, mMRC), fatigue (Fatigue Assessment Scale [FAS]; SRM = -0.71), anxiety and depression (Hospital Anxiety and Depression Scale [HADS]; SRM -0.58/-0.38), and generic QoL (measured by the SF-36 scales of physical and mental health; SRM 0.31/0.55). Conclusions: Our results provide the first documented evidence that PR is a promising complementary therapy option for sarcoidosis patients who remain subjectively symptomatic despite optimised outpatient medical treatment.
Introduction
Sarcoidosis is a systemic granulomatous disease of unclear aetiology. It presents with heterogeneous clinical symptoms which determine its impact. While 90% of pa- tients with acute sarcoidosis recover, chronically affected patients may remain asymptomatic (up to 50%), but 10-20% [1] suffer from permanent sequelae (pulmonary or extrapulmonary), serious physical disability, highly reduced quality of life (QoL), and intense fatigue [2] . Approximately 90% of patients have pulmonary involvement.
Pulmonary rehabilitation (PR) is an appropriate treatment for many chronic respiratory diseases [3] [4] [5] [6] [7] [8] . However, the available data regarding PR for sarcoidosis are very sparse compared to the evidence for the benefits of PR for COPD patients. Although PR is indicated for sarcoidosis in the international (PR) guidelines, no specific studies are cited as evidence [1, 3] . Sarcoidosis patients have been included in some randomised controlled trials (RCTs) focusing on the effectiveness of physical training or multimodal PR for interstitial lung diseases [9, 10] and a series of observational studies [11, 12] . These studies, however, used mixed patient groups and only presented partial results for the sarcoidosis subgroup. This paucity of data is surprising, particularly as the topic of muscle weakness and training has often been discussed in the literature [13] [14] [15] [16] [17] [18] .
Current papers recommend PR for sarcoidosis patients [19] , particularly those with muscle weakness. The goal of this study is to assess and discuss the short-term changes in pulmonary and QoL parameters in patients with sarcoidosis undergoing a multimodal and interdisciplinary PR.
Study Design and Methods
The data used in this study originate from the ProKaSaRe study (Prospective Katamnesis Study regarding the Course of Sarcoidosis in Pulmonary Rehabilitation), a prospective, multicentric, observational study. This project was supported by the rehabilitation section of the German Respiratory Society (DPG). Ethics committee approval from the Hannover Medical School was received prior to study initiation (No. 877). The study was registered with the German Clinical Trials Register (ID: DRKS00000560).
Sampling: Patient Population
All consecutive patients referred to one of the six participating German PR clinics between January 2011 and January 2012 for inpatient rehabilitation due to sarcoidosis were invited to participate in the ProKaSaRe. They were included in the study if they provided informed consent and had a confirmed diagnosis of sarcoidosis by a respiratory specialist. Patients incapable of completing the questionnaire due to cognitive disability or lack of German language skills were excluded. The obligatory and optional PR components performed at all study centres for the 3-week inpatient PR are described in Table 1 . Primary and secondary outcomes were assessed at the start (T0) and end (T1) of PR as follows:
Primary Outcomes 1. Disease-specific QoL was assessed with the St. George's Respiratory Questionnaire (SGRQ). This questionnaire was initially developed to quantify QoL in patients with respiratory disorders [20] and has also been used for sarcoidosis patients [21, 22] . Values for the total score and the three subscores (symptoms, activity, and impact) range from 0 (no impairment) to 100 (maximum impairment). A minimal clinically important difference (MCID) of 4 points in the total score has been shown for COPD and asthma [23] , but no MCID value exists for sarcoidosis. 2. The standardised Six-Minute Walk Test (6MWT) is used for respiratory diseases [24] to evaluate physical fitness and is recommended for the assessment of sarcoidosis patients [1, 16, 25] . A test-specific MCID for patients with sarcoidosis has not yet been defined.
Secondary Outcome Parameters
Generic QoL was evaluated using the German version of the SF-36 (36-item Short Form Health Survey Questionnaire) [26] , which examines self-assessed psychological, physical, and social aspects of QoL. Out of 9 questionnaire sections, 4 address physical health, 4 address subjective psychological health, and 1 covers the change in health over time. Scores from 0 (worst) to 100 (best) points can be obtained.
Fatigue, the most common sarcoidosis symptom, was measured using the Fatigue Assessment Scale (FAS) [27] . This scale contains 10 items with a possible total score of up to 50 points. While scores of 22-34 indicate mild to moderate fatigue, higher values indicate extreme fatigue. Clinical symptoms such as fever, sputum, cough, breathlessness, joint pain, eye disorders, and lymph node swelling were systematically documented at T0 and T1 using a standardised questionnaire. The severity of the symptoms was quantified by using a Likert scale from 1 to 5 (very low to very high).
The psychological strain of patients was measured using the German version of the Hospital Anxiety and Depression Scale (HADS-D [28] ). The questionnaire comprises 7 questions about anxiety and depression, each with specifically formulated possible answers on a 4-point scale (scoring 0-3 points). A total score of up to 7 points is considered normal, 8-10 points signify the borderline, and 11 points and above indicate psychological disorders.
Lung function was assessed with spirometry and body plethysmography (Masterlab; Jaeger, Würzburg, Germany) according the recommendations of the German guidelines [29, 30] . The following parameters were examined: vital capacity (VC [litres, % predicted]), residual volume (litres, % predicted), total lung capacity (litres, % predicted), forced expiratory volume in 1 s (FEV 1 [litres, % predicted]), total specific resistance (kPa • s, % predicted), Tiffeneau index (each before and after administration of bronchodilators), and respiratory muscle function (P 0.1 und PI max [kPa] ).
Further parameters examined included gas exchange, assessed by the diffusing capacity of the lung for carbon monoxide (D LCO ). Additionally, PaO 2 and PaCO 2 were determined at rest and during exercise at 50 W in order to detect impaired lung diffusion. Severity of dyspnoea was documented using the modified Medical Research Council Scale (mMRC) [31] , scoring from 0 (breathless only during strenuous exercise) to 4 (not possible to leave home Sarcoidosis and Pulmonary Rehabilitation due to breathlessness, or breathlessness when dressing). Levels of angiotensin-converting enzyme (ACE), produced in sarcoidosis by epithelioid cells of granulomas, were used to determine and follow granuloma load as approximately 40-80% of sarcoidosis patients show increased ACE levels [32] .
Analysis
Independent double data entry for all anonymised questionnaires and documents was performed at the Hannover Medical School by individuals not involved in patient care. As ProKaSaRe was an exploratory study, parameters and clinical characteristics were evaluated descriptively and considered to be important at p ≤ 0.05; no adjustments for multiplicity or imputation of missing data were performed. Changes from baseline for continuous data were analysed using two-sided paired t tests and the mean differences (T0-T1) with 95% confidence intervals (95% CI) are provided. We used regression analysis to estimate the influences of possible confounders such as age, gender, obesity, change of medication, or comorbidity on the primary outcomes. To rule out possible effects of obesity and sarcoidosis severity (as assessed by X-ray) on fatigue and dyspnoea, we calculated χ 2 tests for associations between X-ray type and obesity, fatigue, and dyspnoea and compared paired t tests for changes in fatigue between obese and non-obese patients. We also intended to perform subgroup analysis using linear regression to contrast primary outcomes and the core symptom of sarcoidosis, fatigue, between the most severely physically impaired patients and the complementing sample.
All statistical analyses were conducted using SAS 9.3 software (SAS Institute Inc., Cary, NC, USA). Methods regarding sample size calculation and statistical procedures have been described previously [33] .
Results

Description of the ProKaSaRe Sample
Patients were recruited for ProKaSaRe between January 2011 and January 2012. Written informed consent was provided by 296 patients; 47.0% were female, with an average age of 49.1 ± 9.7 years. Average BMI was 28.7 ± 5.9 and thus most patients were either overweight (32.0%, BMI [25] [26] [27] [28] [29] [30] or obese (39.6%, BMI ≥30). According to available chest X-rays, 85.1% of patients were classified as X-ray type 0-IV [34] . With respect to the involved areas of the lung, the distribution of X-ray types 0-IV was as follows: 1.5, 18.3, 58.0, 13.7, and 4.6%, respectively. Further parameters are shown in Table 2 .
In addition to the lung or the intrathoracic lymph node involvement observed in all study participants, the following organs were also affected: skin (13.9%), bones/ joints (13.9%), eyes (6.8%), heart (4.4%), liver (4.1%), muscles (2.7%), CNS (3.7%), kidneys (1.4%), and peripheral nerves (1.0%). The three most common comorbidities in the study sample were obesity (39.6%), arterial hypertension (37.8%), und degenerative spine disorders (27.0%). Further comorbidities included depression (13.9%), diabetes (9.5%), osteoarthrosis (7.4%), sleeprelated breathing disorders (6.8%), and cardiac arrhythmia (6.4%).
Nearly half of the ProKaSaRe patients (48.8%) were currently receiving systemic steroids, 55.8% had been previously treated with them, and 9.3% of the patients were receiving other immunosuppressive treatments. Emergency inpatient or outpatient treatment for sarcoidosis during the previous year was reported by 40.9 and 27.4% of patients, respectively.
Primary Outcomes
After PR, the average increase in 6-min walking distance (6MWD) was 39.8 m (standardised response mean, SRM = 0.61; see Table 3 ), indicating a medium effect size. Heart rate, oxygen saturation at rest and during exercise, and perceived breathlessness at the end of the 6MWT (Borg Scale) did not change significantly.
The average scores and changes in the SGRQ at T0 und T1 (see Table 4 ) were calculated only for patients with complete paired data. Significant improvements were seen in all domains, most clearly for "symptoms" and "activity" (8.3 and 7.8 points, respectively), corresponding to a medium effect in both domains.
Regression analysis showed a positive association of anxiety, heart rhythm disorders, and male gender with the changes in 6MWD, while initial walking distance was the strongest predictor for gain in distance from T0 to T1.
Regarding QoL, a model showed a negative association of depression, spinal disorders, and hypertension with the total SGRQ score. Total SGRQ score at T0 was the strongest predictor for changes in QoL. Other variables such as comorbidities including obesity, age, steroid treatment, and optimisation of medication did not have any statistically significant influence on 6MWD or QoL in our sample.
With the aim of increasing the specificity of the results, we tried to assess the changes in the most severely affected group of patients, but due to the low total number (n = 14) with severe physical impairment (defined by the lowest 10% of 6MWD, and/or the lowest FVC und FEV1, and/or in need of O 2 ), no contrasting analysis could (or should) be performed. Differences, even if existing, would not show any significance and the results of such analysis would lead to inaccurate assumptions. We have therefore postponed further investigations of the subgroups until the planned upcoming waiting-list design RCT can be performed. Table 5 shows changes in lung function parameters, respiratory muscle strength, blood gas analyses at rest and during exercise, diffusion capacity, and ACE. A significant reduction in mean ACE level from 46.2 U/l at T0 to 44.4 U/l at T1 was observed. Small but significant changes were also seen in lung function according to VC and FEV 1 measurements. However, SRM (∼0.2) indicated a small effect size for both outcomes, thus these findings were interpreted as clinically irrelevant. The average Tiffeneau index had normal values before and after PR and showed no significant change. The average maximum static inspiratory pressure (PI max) was reduced at T0, but was normal by the end of PR (SRM = 0.4). Mean blood gas values at rest and during exercise at 50 W and D LCO values were normal at T0 (Table 1) and did not change significantly by T1.
Secondary Outcome Parameters
Values of (subjectively assessed) fatigue (FAS), anxiety, depression (HADS), (generic) QoL (SF-36), and dyspnoea (MRC) at baseline and at the end of PR are shown in Table 4 . The mean FAS score improved significantly between T0 and T1 by 4.09 points, indicating a medium effect size (SRM = 0.71). Since the MCID [35] for FAS is 4 points, the mean improvement was clinically relevant and was achieved by 39.2% of patients. Clinically relevant fatigue (FAS ≥22) was reported by 65.9% of patients at T0 but only by 44.3% at T1. Moreover, FAS score changes correlated with changes in SGRQ, 6MWD, and MRC dyspnoea scores. Both obese and non-obese patients showed a significant reduction of fatigue. A significant decrease of fatigue was also assessed in patients classified as type 0-II via X-ray. More severely affected patients (type III and IV) did not report reduced fatigue (t = 0.956, df = 35, p ≤ 0.346). Psychological and physical health scores, however, improved at the end of PR, with low or medium ef- fect sizes (see Fig. 1 ), but remained below the scores of healthy people. Table 6 shows clinical symptoms described by at least a third of patients at T0. The most commonly reported symptom was exercise intolerance (92.9%). Of these patients, 46.9% rated this impediment as "strong" or "very strong." At the end of rehabilitation only 78% of patients still reported exercise intolerance and only 21.3% of them indicated that they still felt strongly or very strongly limited in their ability to exercise.
Reports of dyspnoea decreased slightly from 78.5% at T0 to 71.2% at T1, but only 15.5% of dyspnoea was graded as severe or extremely severe at T1 (T0: 33.5%). The distribution of MRC dyspnoea scores improved significantly, as shown in Figure 2 (χ 2 213.35, p ≤ 0.001). Patients showed significant and positive improvements in dyspnoea, regardless of X-ray classification or obesity.
The mean improvement in HADS anxiety scores after PR was 1.6 points, indicating a medium effect size, and at T1, only 19.9% and 7.8% of patients had values of 8-10 or ≥11, respectively. The average HADS depression score was 7.7 points at T0, indicating an elevated average degree of depressive symptoms which improved by 0.94 points by T1. Clinically relevant depression at T0 was reported Measurements are shown for the 262 patients for whom data were available at T0 und T1. 6MWD, 6-min walking distance; SRM, standardised response mean.
a At the end of the 6MWT. by 28.4% (8-10; borderline) and 15.9% (> 11; abnormal) of the patients. At T1, these values were reduced to 20.6 and 11.5%, respectively.
Because of its great clinical importance, we contrasted the secondary outcome of fatigue (FAS) between the severely physically impaired patients and the complementing sample, even though the sample size was very low. When calculating a regression analysis for the patients belonging either to the sample with the poorest lung function or with the shortest walking distance, adjusted for fatigue at baseline, we found that the most impaired showed a statistically significantly greater improvement in fatigue after PR than the other patients (a difference of 2.7-2.8 on the FAS scale). This is, however, only a small effect and due to the low number of patients in this subgroup, it must be analysed in a larger sample in order to allow firm conclusions to be drawn and, if confirmed, to investigate its clinical significance.
Discussion
The ProKaSaRe study described and characterised the "average" patient allocated to PR because of sarcoidosis. This "average" patient was sent for PR by the referring doctors and additionally underwent the rigorous exami- nation required by the German Statutory Pension Insurance Scheme fund, resulting in a positive evaluation. In our sample, 48.8% of patients received continuous systemic medication with oral corticosteroids and 40.9% had been hospitalised or treated by emergency services during the previous months. Nevertheless, only a few had retired (n = 21) or were on sick leave (n = 75) upon their enrolment in our study (T0) and even fewer had severe sarcoidosis as characterised by X-ray stage or dyspnoea (20%). Nevertheless, these patients do seem to need PR despite their "light sarcoidosis", pulmonary limitations apparently not being commonly the main reason for the referral for PR. We assume that the referrals are, instead, mainly due to frequent absences from work and the pronounced impairment the patients feel. After a 3-week multidisciplinary inpatient rehabilitation, statistically significant and clinically relevant improvements in functional exercise capacity (6MWD) and health-related QoL (HrQoL; SGRQ) were assessed. Fatigue, anxiety, depression, and dyspnoea (mMRC) also improved significantly, justifying the referrals retrospectively. These results are based on the largest number of participants in any rehabilitation study on this topic performed worldwide.
Physical fitness of participants at T0, as indicated by the mean 6MWD, was below the healthy average (at 505.2 m) [36] . This corresponds to results from other studies of sarcoidosis patients [14, 15, [37] [38] [39] . The improvement in 6MWD of 39.8 m found in ProKaSaRe seems low at first but was perceived by patients as clinically relevant, according to individual feedback. Currently no MCID exists for 6MWD in sarcoidosis patients [14, 15] . Two other publications reporting improvements in 6MWD in a comparable study population assessed a longer outpatient training programme. A recent Cochrane analysis of PR in interstitial lung disease [10] reported a mean difference pre-post PR in distance walked of 44.34 m in favour of the PR group. Nevertheless, Marcellis et al. [18] reported similar findings to ours at T1. The differences in documented gain in walking distance may be explained by the slightly different settings, including length of the PR (12 vs. 3 weeks) and the demographics of the participants.
Physical reconditioning may occur due to disease-induced low daily exercise levels [6] . The physical training provided during PR seems to be the main reason for the improvements in the 6MWD, especially since marginally reduced lung function values were only slightly improved at T1 and thus cannot be responsible for these results. The importance of muscular weakness in sarcoidosis patients has been frequently described in the literature [6, 8, [15] [16] [17] 40] . Our results document a significant improvement in functional exercise capacity immediately following the 3-week PR programme, especially in the previously very impaired patients. These results are supported by a Cochrane analysis issued later [10] . Moreover, our results suggest that a 3-week inpatient PR programme shows benefits comparable to a 12-or 13-week outpatient training programme regarding functional exercise capacity. This benefit of PR is particularly important, as several studies [8, 15, 21] have shown that exercise intolerance is linked to reduced QoL, dyspnoea, and fatigue, thus frequently creating a persistent vicious circle, as has also been described for other pulmonary diseases [5, 6] . PR can potentially break this circle by increasing exercise capacity and thus enhance physical activity levels in daily life [41] . Moreover, the greatest benefit of PR was seen in the severely exercise-intolerant patients. The influences of obesity, steroid therapy, and medication changes on the PR results were small as no associations between the primary outcomes and these variables were found when using multivariate regression. Some of the comorbid disorders, such as depression, showed an association with QoL, an observation largely confirmed by other surveys on this topic.
No validated tool had been developed to measure sarcoidosis-specific HrQoL when this study was performed. Changes in HrQoL measured by the SGRQ in sarcoidosis PR patients are difficult to interpret as previous study designs were heterogeneous regarding setting, study population, and the tools used [22] . HrQoL in our study sample was clearly reduced on average, particularly in the SGRQ "activity" section, followed by the "symptoms" section. These findings are similar to those of Cox et al. [42] , who reported an even greater reduction in HrQoL. In contrast to our study, Gvozdenovic et al. [43] and Antoniou et al. [44] described HrQoL in a hospital setting. Moreover, they assessed patients who were less severely affected by sarcoidosis than those in our study, thus the results cannot be compared directly. Marcellis et al. [18] used the WHOQOL-BREF to measure HrQoL and reported only significant improvements in psychological health, without any further differentiation. In 2007, Baughman et al. [21] found that the SGRQ activity component is an independent predictor of 6MWD. This corresponds to our findings regarding the activity component. The effect size of SRM = 0.62 (total score) documented in ProKaSaRe is relatively comparable to that seen after rehabilitation in another group of patients with interstitial lung disease, which included sarcoidosis [3] . Nevertheless, the heterogeneity of sarcoidosis due to variations in other affected organs, functional impairment, and severity makes it difficult to identify one factor that is solely responsible for HrQoL improvement, even using the more recently suggested tools for QoL evaluation. The ProKaSaRe data, similarly to other recent findings [45] , support the concept of PR with a multidimensional approach, consisting of other components besides exercise training, e.g., psychosocial support, patient education, improved understanding of the disease, its prognosis and therapeutic options, relaxation therapies, and breathing retraining [4] . Mutual influences and interlinked physiological training results, such as reduced dyspnoea (MRC), improved physical fitness (6MWD), or reduced fatigue contribute to the improvements in HrQoL after PR. Moreover, 6MWD and SGRQ scores were recently shown to have stronger associations with steps per day, while exercise capacity and QoL measurements were robust predictors of physical activity in patients with sarcoidosis [41] At T1, small but significant changes were seen in VC and FEV 1 while mean values of blood gases and D LCO were normal at T0 and T1. The average PI max showed the greatest improvement during PR. Kabitz et al. [38] and other authors suggest that inspiratory muscle weakness and impaired exercise capacity is more important when predicting dyspnoea and reductions in 6MWD than lung function and D LCO . There is, however, no evidence in our data as to whether PR or inspiratory muscle training (IMT) improves PI max. Furthermore, the increase of PI max in our study sample was lower than in the only other available RCT concerning the benefit of IMT in sarcoidosis [46] . In our study, however, only a minority of the patients underwent IMT for 3 weeks, in contrast to the RCT of Karadalli et al. [46] where all patients in the treatment group were trained for a total of 30 min/day, 7 days/week, for 6 weeks. We found no association between the gains in PI max and benefits to other clinically more relevant outcomes such as exercise capacity, dyspnoea or QoL. The clinical relevance of the PI max increase and the influence of IMT in our study therefore remains unclear.
Although the MRC dyspnoea scale is not highly sensitive to changes, a small but significant improvement at T1 Respiration DOI: 10.1159/000486964 was documented, which corresponds to the findings of Marcellis et al. [18] . This is presumed to be most likely due to the exercise training during PR, although many other components of PR have the potential to influence patients' perception (and therefore evaluation) of dyspnoea, such as respiratory physiotherapy or solicited psychological and behaviour change. Some of the study participants may also have displayed a disproportionate dyspnoea related to dysfunctional breathing disorders. Unfortunately, no additional data are available to support any further hypothesis.
Fatigue is a frequent pathological symptom with an unclear aetiology [47] . It affects approximately 70% of patients with sarcoidosis in Germany, particularly women [48] . It is associated with reduced HrQoL [49] , cognitive deficits, depression [50] , and reduced physical fitness [14] . The FAS score in our study correlates with SGRQ, 6MWD, and MRC dyspnoea scores. As no specific treatment is known for this often very debilitating symptom, the documented positive effect of PR in ProKaSaRe is particularly important for both clinicians and patients. Two previous studies found improved FAS scores [18] . The results of one study correspond almost exactly with our findings [17] , supporting a causal relationship between physical training and improvement of fatigue as has already been demonstrated for other clinical conditions such as multiple sclerosis or cancer [47] . Nevertheless, a very recent investigation calculated a weaker association of objectively measured physical activity with fatigue than expected [41] , concluding that in sarcoidosis, "fatigue might not preclude affected patients from being physically active, although this symptom is subjectively perceived as highly disabling" and positively correlated to physical activity [51] .
Psychological status as indicated by the scores of the HADS was, on average, in the upper range of normal for anxiety and the borderline range for depression. In fact, clearly pathological scores were determined for 16.2% of ProKaSaRe patients regarding anxiety and 15.9% regarding depression, while borderline scores were determined for 30.4% of patients regarding anxiety and 28.4% regarding depression. This indicates that clinically relevant psychological disorders are not unusual for sarcoidosis PR patients. PR professionals should be aware of these concomitant symptoms or disorders and offer specially tailored treatment options. The high frequency of mental health complaints may be partly explained by the oral steroids taken by 48% of our patients and, furthermore, by frustration regarding physical limitations and uncertainty about the disease.
Strengths and Limitation of the Study
This multicentre cohort study is not a randomised, assessor-blinded, controlled trial. Rehabilitation is a statutory right under German law and thus it is almost impossible to conduct RCTs. Instead, the ProKaSaRe study was designed to compile real-life data reflecting the current situation of rehabilitation for sarcoidosis. Exercise capacity should ideally be assessed using spiro-ergometry, which was not available at all centres. Additionally, skeletal muscle weakness, which has been demonstrated to be related to exercise intolerance [15] was not evaluated in the study, although this might have facilitated the discussion of changes in dyspnoea. Despite the high inclusion and questionnaire return rates there may be variations in treatment and some subgroups of sarcoidosis patients may be underrepresented in our sample. It is possible that patients selected and referred for PR by the authorities had a greater rehabilitation potential than those not selected. To remove this bias, we plan a follow-up randomised study using a waiting-list design in order to create an appropriate control group by assigning subjects at random to the rehabilitation or the waiting list [53] . In order to minimise known biases such as seasonal influences on the results we recruited continuously over the period of 1 year. We also performed statistical control of confounding variables to exclude assumed influences on the results such as weight loss during PR.
In Germany in the year 2011 a total of 929 patients with sarcoidosis were admitted to rehabilitation. Almost a third of all these patients were included in the multicentre ProKaSaRe study. The results can therefore be regarded as representative for PR in Germany. Nevertheless, the causal effects of PR are not certain, although the sample of 296 patients is, to our knowledge, the largest assessed for this purpose worldwide and our findings are strengthened by a 1-year follow-up.
Summary
ProKaSaRe describes the sarcoidosis patients referred for multimodal inpatient PR in Germany. It shows that they are younger and more often employed than PR patients in general, and that they have relevant limitations in HrQoL and exercise capacity that cannot be adequately assessed by lung function parameters alone. Additionally, ProKaSaRe provides initial evidence that PR leads to significant and clinically relevant improvements that can be measured directly after the rehabilitation. Our results support the recommendations of other studies and high-DOI: 10.1159/000486964 light the importance of individualised multimodal PR concepts [4, 7, 52] , while suggesting that training and rehabilitation are important and effective complementary therapies for the management of all degrees of burden of sarcoidosis. The extent of the positive effects of PR should be investigated further.
